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IMPROVEMENTS IN DISC BRAKE SHOE 
AND LINING ASSEMBLIES 



BACKGROUND OF THE INVENTION 

5 

This invention relates to improvements in the design of shoe and lining 
assemblies for use in disc brakes. 

Disc brakes are utilized in many heavy vehicle braking systems. 
Typically, an air actuator is driven to rotate an eccentric piston actuator. 
10 Typically there are two spaced pistons. The pistons are actuated to drive a 

disc brake shoe and lining assembly into contact with a rotor. The rotor 
rotates with the wheel, and when the shoe and lining assembly is brought into 
contact with the rotor, it retards rotation of the wheel. 

Modern braking systems are quite complex and carry a number of 
15 relatively moving parts. The brake assembly, including its several 

components, must fit within the envelope of the wheel for which the brake is 
associated. As such, there are competing demands on the brake designer. 

With regard to the shoe and lining assemblies, it is desirable to have 
the pistons be as close to a centroid of one-half of the shoe and lining 
20 assembly as is possible. However, existing disc brake systems have not fully 

achieved this goal. 



SUMMARY OF THE INVENTION 



25 In disclosed embodiments of this invention, the shape and dimensions 

of a saddle or seat for the shoe and lining assembly is designed to result in 
pistons which are centered close to a true centroid of one-half of the shoe and 
lining assembly. The force from the pistons is thus distributed as evenly as 
possible across the shoe and lining assembly. In this way, the braking force 

30 applied to the shoe and lining assembly is applied as evenly as possible across 
the entire friction surface, and braking efficiency is increased. 
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The present invention evaluates the competing space challenges of 
having sufficient size for the housing structure, actuation structure, supporting 
structure, and shoe and lining assemblies. In addition, the present invention 
evaluates the complete design to result in piston centroids which are as close 
5 as possible to a centroid of one-half of the shoe and lining assembly. 

While the invention is claimed as a combination of shapes and 
dimensions of the shoe and lining assemblies, in fact a good deal of the 
inventive effort is in the creation of the surrounding brake which results in the 
particular shape and dimensions for the shoe and lining assembly. 
10 These and other features of the present invention are best understood 

from the following specification and drawings, of which the following is a 
brief description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

Figure 1 is a somewhat schematic view through a disc braking system. 
Figure 2 is an exploded view showing components of a disc brake 

system. 

Figures 3A shows a disc brake shoe and lining assembly for a wheel 
20 having a diameter of 17.5*'. 

Figure 3B is a top view of the shoe and lining assembly in the 
Figure 3 A brake. 

Figure 3C is a front view of the shoe and lining assembly of Figure 

3A. 

25 Figure 3D is a bottom view of the shoe and lining assembly of Figure 

3A. 

Figure 3E is a side view of the shoe and lining assembly of Figure 3A. 
Figure 4 A is a view of a disc brake and shoe and lining assembly for 
a wheel having a diameter of 19.5". 
30 Figure 4B is a top view of the shoe and lining assembly of Figure 4A. 
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Figure 4C is a front view of the shoe and lining assembly of 
Figure 4A. 

Figure 4D is a bottom view of the shoe and lining assembly of 
Figure 4A. 

5 Figure 4E is a side view of the shoe and lining assembly of Figure 4A. 

Figure 5A is a view of a disc brake and shoe and lining assembly for 
a wheel having a diameter of 22.5". 

Figure 5B is a top view of the shoe and lining assembly of Figure 5A. 
Figure 5C is a front view of the shoe and lining assembly of 
10 Figure 5 A. 

Figure 5D is a bottom view of the shoe and lining assembly of 
Figure 5 A. 

Figure 5E is a side view of the shoe and lining assembly of Figure 5 A. 

15 DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

Figure 1 shows a wheel assembly 20 with a disc brake 24 incorporating 
a housing 23. Shoe and lining assemblies 26 and 28 are movable within the 
housing toward and away from a rotor 30. Rotor 30 rotates with a wheel hub 

20 22. When the shoe and lining assemblies 26 and 28 are brought into contact 

with the rotor 30, rotation of the wheel hub 22 is slowed. 

Figure 1 is a somewhat schematic view of a brake assembly. The disc 
brake structure of the present invention does not change functionally with 
regard to its basic components, and thus this drawing is not meant to explain 

25 the complete operation of the system. Instead, this drawing does show the 

challenges on the disc brake designer. There are members radially outwardly 
and radially inwardly of the shoe and lining assemblies 26 and 28. As an 
example, a torque plate 32 and a knuckle 34 are positioned radially inwardly 
of one of the shoe and lining assemblies 28. The overall envelope size for any 

30 particular sized wheel is dictated by the outer diameter of that wheel and its 
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associated rotor. As such, there is not unlimited space for designing the brake 
components. 

Figure 2 is an exploded view of the wheel end assembly 20. The disc 
brake housing 23 receives the shoe and lining assemblies 26 and 28. Torque 
plate 32 and knuckle 34 are shown. An air actuator 36 drives a lever 38, as 
known, to turn an eccentric actuator 40. Upon turning eccentric actuator 40, 
pistons are driven to force the shoe and lining assembly into braking 
engagement with the rotor 30, again as known. In addition, an axle beam 42 
is connected to knuckle 34, and further requires space within the envelope of 
the window. 

As shown in Figure 3A, the housing 23 for a brake to be utilized on 
a wheel having an outer diameter of 17.5" has a seat 19 receiving a shoe and 
lining assembly 28. An outer spring member 44 holds the shoe and lining 
assembly 28 within its seat 19. The spring requires space radially outwardly 
of the shoe and lining assembly, thus further limiting the freedom of the disc 
brake designer. Friction material 45 is placed upon the face of a backing plate 
which together form shoe and lining assembly 28 which faces the rotor. 

As shown in Figure 3A, r, is the inner diameter of the wheel. This 
dimension is fixed by the wheel, and is part of the operational envelope for the 
brake. Similarly, r 2 is the inner diameter of the rotor and the inner curve of 
the backing plate. Structure radially inwardly of r 2 prevents the shoe and 
lining assembly from extending radially inwardly into this area. r 3 defines the 
outer diameter rotor and the top curve on the shoe and lining assembly 28 for 
this particular wheel. 

In the brake having a 17.5" diameter, r, is 183 mm. r 2 is 89 mm. The 
inventive backing plate has r 3 being 168 mm. Thus, the distance between a 
point A and a point B on the shoe and lining assembly 28, and along a line 
extending from a centroid of the wheel envelope through a center of the shoe 
and lining assembly is r 3 - r 2 or 94 mm. 



• « 
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The width w, of the backing plate 28 is further dictated by the need to 
have sufficient material outwardly of each side of the shoe and lining assembly 
such that the housing is structurally sound. 

Ideally, the shoe and lining assembly 28 is sized such that the backing 
5 plate could be divided symmetrically along the center line between points A 

and B, and a centroid of each half of the backing plate is the centroid of the 
actuating piston. This would result in an even force spread across the backing 
plate and its friction material evenly. 

However, the disc brake designer generally wishes to maximize the 
10 distance between points A and B to provide additional friction material, and 

cannot always extend the distance w, to result in sufficient width for the 
backing plate such that the piston could always be centered on the centroid c 
of the backing plate. 

The present invention results in a backing plate having centroid c as 
15 close as possible to the centroid of the actuating piston. In the Figure 3 A 

embodiment, the width W! is 179.4 mm. 

With the particular disc brake backing plate, there is an actuator 
envelope d that the pistons must avoid. That is, the actuator is moving within 
the space shown between the lines identified by d. Thus, the pistons must be 
20 placed outwardly of that envelope, and at least some small clearance must also 

be provided. To that end, and as shown, the distance w 2 to the centroid of the 
piston is slightly greater than the distance w 3 to the centroid of the backing 
plate. Further, as shown, a height h t to the centroid of the piston is less than 
the height h 2 to the centroid c of the backing plate. In the particular 
25 embodiment, the dimension w 2 is 47.5 mm., the dimension w 3 is 41.6 mm. 

The dimension hj is 115 mm. The dimension h 2 is 122.5 mm. 

In general, the backing plate ideally has h, and h 2 equal and w, and w 2 
equal. This is difficult to achieve in practice. The distance between points A 
and B and the dimension Wj set the centroid of the backing plate. Thus, the 
30 invention has disclosed backing plate dimensions that achieve the ideal position 

as close as possible. 
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As shown in Figure 3B, friction material 45 extends outwardly of the 
backing plate 28. The backing plate has a thickness of 7.0 mm, and the 
friction material has an initial thickness of 19.0 mm. 

Figure 3C shows shoe and lining assembly 28. As shown, there is a 
curve 46 on the bottom of the backing plate with flats on either side of the 
curve 46. A top curve 48 is formed on the backing plate and extends between 
sides 50. The curves 46 and 48 are centered on a common center. 

Figure 3D is a bottom view of the shoe and lining assembly, and shows 
the friction material extending from the backing plate. 

Figure 3E is a side view of the shoe and lining assembly and further 
shows the friction material 45. With the inventive backing plate shape and 
dimensions, the centroids of the pistons are close to the centroid c of the 
backing plate, and thus the forces are relatively evenly distributed. At the 
same time, sufficient space is provided for a combination of actuation structure 
that is necessary for operation of the brakes. 

As shown in Figure 4A, the housing 23 for a brake to be utilized on 
a wheel having an outer diameter of 19.5" has a seat 19 receiving a backing 
plate 28. An outer spring member 44 holds the backing plate 28 within its 
seat 19. 

As shown in Figure 4 A, r, is again the inner diameter of the wheel. 
Similarly, r 2 is again the inner diameter of the rotor and the bottom edge of 
the backing plate. r 3 defines the outer diameter of the rotor and the top curve 
on the backing plate for this particular wheel. 

In the brake for a wheel having a 19.5" diameter, ^ is 208 mm. The 
inventive braking plate has a r 2 value of 109 mm and a r 3 value of 188.5 mm. 
Thus, the distance between a point A and a point B on the backing plate of 
shoe and lining assembly 28, and along a line extending from a centroid of the 
wheel envelope through a center of the backing plate is r 3 - r 2 or 79.5 mm. 

The present invention results in a backing plate having centroid c as 
close as possible to the centroid of the actuating piston. In the Figure 4A 
embodiment, the width w, is 205.4 mm. 
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The pistons must avoid an actuator envelope d. The height h, to the 
centroid of the piston is close in this embodiment to the height h 2 to the 
centroid c of the backing plate. In the particular embodiment, the dimension 
w 2 is 56.3 mm., the dimension w 3 is 49.2 mm. The dimension h, is 140 mm 
and h 2 is 139.8 mm. 

As shown in Figure 4B, the friction material 45 extends outwardly of 
the backing plate 28. The backing plate has a thickness of 7.0 mm, and the 
friction material has an initial thickness of 20.0 mm. 

Figure 4C shows shoe and lining assembly 28. As shown, there is a 
curve 46 on the bottom of the backing plate with flats on either side of the 
curve 46. A top curve 48 is formed on the backing plate and extends between- 
sides 50. The curves 46 and 48 are centered on a common center. 

Figure 4D is a bottom view of the shoe and lining assembly, and shows 
the friction material extending from the backing plate. 

Figure 4E is a side view of the shoe and lining assembly and further 
shows the friction material 45. With the inventive backing plate shape and 
dimensions, the centroids of the pistons are close to the centroid c of the 
backing plate, and thus the forces are relatively evenly distributed. At the 
same time, sufficient space is provided for a combination of actuation structure 
that is necessary for operation of the brakes. 

As shown in Figure 5A, the housing 23 for a brake to be utilized on 
a wheel having an outer diameter of 22.5" has a seat 19 receiving a shoe and 
lining assembly 28. An outer spring member 44 holds the shoe and lining 
assembly 28 within its seat 19. 

As shown in Figure 5 A, v { is the inner diameter of the wheel hub. 
Similarly, r 2 is the inner diameter of the backing plate and rotor. r 3 defines 
the outer extent of a top curve on the backing plate 28 and the rotor for this 
particular wheel. 

In the brake having a 22.5" diameter, r, is 243.8 mm. The inventive 
backing plate has an r 2 of 116 mm and an r 3 of 219 mm. Thus, the distance 
between a point A and a point B on the backing plate, and along a line 
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extending from a centroid of the wheel envelope through a center of the 
backing plate is r 3 - r 2 or 103 mm. 

The present invention results in a backing plate having centroid c as 
close as possible to the centroid of the actuating piston. In the Figure 5 
embodiment, the width w, is 248.9 mm. 

There is again an actuator envelope d that the pistons must avoid. To 
that end, and as shown, the distance w 2 to the centroid of the piston is slightly 
greater than the distance w 3 to the centroid of the backing plate. Further, as 
shown, a height hi to the centroid of the piston is greater than the height h 2 to 
the centroid c of the backing plate. In the particular embodiment, the 
dimension w 2 is 60.0 mm., the dimension w 3 is 57.3 mm. The dimension h, 
is 161.0 mm. The dimension h 2 is 159.4 mm. 

As shown in Figure 5B, the friction material 45 extends outwardly of 
the backing plate. The backing plate has a thickness of 7.0 mm, and the 
friction material has an initial thickness of 23.0 mm. 

Figure 5C shows shoe and lining assembly 28, As shown, there is a 
curve 46 on the bottom of the backing plate with flats on either side of the 
curve 46. A top curve 48 is formed on the backing plate and extends between 
sides 50. The curves 46 and 48 are centered on a common center. 

Figure 5D is a bottom view of the shoe and lining assembly, and shows 
the friction material extending from the backing plate. 

Figure 5E is a side view of the shoe and lining assembly and further 
shows the friction material 45. With the inventive backing plate shape and 
dimensions, the centroids of the pistons are close to the centroid c of the 
backing plate, and thus the forces are relatively evenly distributed. At the 
same time, sufficient space is provided for a combination of actuation structure 
that is necessary for operation of the brakes. 

While the dimensions are given for the backing plates, and are the most 
preferred dimensions, the backing plates according to this invention can have 
actual dimensions that differ slightly. Thus, in the claims, Applicant claims 
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dimensions, with a factor of 5 mm on either side of the dimension to cover 
variations. 

Preferred embodiments of this invention have been disclosed, however, 
a worker of ordinary skill in the art would recognize certain modifications 
5 would come within the scope of this invention. For that reason the following 

claims should be studied to determine the true scope and content of this 
invention. 
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CLAIMS 

1 . A shoe and lining assembly for use in a disc brake associated 
with a wheel having an outer diameter of approximately 17.5" comprising: 

a backing plate body carrying a friction material, said backing plate 
body having a radially inner curve portion and a radially outer curve portion, 
said inner and outer curves being centered on a common center, a radius from 
said center to said inner curve being approximately 89 mm, and a radius from 
said center to said outer curve being approximately 168 mm, said backing 
plate having side edges generally connecting said outer and inner curves, with 
said inner curve having straight bottom flats extending from ends of said inner 
curve to join said side edges, and a width being defined between said side 
edges, said width being approximately 179.4 mm, with the term approximately 
as used in this claim being taken at ±5 mm. 

2. A shoe and lining assembly for use in a disc brake associated 
with a wheel having an outer diameter of approximately 19.5" comprising: 

a backing plate body carrying a friction material, said backing plate 
body having a radially inner curve and a radially outer curve, said inner and 
outer curves centered on a common center, a radius from said center to said 
inner curve being approximately 109 mm, and a radius from said center to 
said outer curve being approximately 188.5 mm, said backing plate having 
side edges generally connecting said outer and inner curve, with said inner 
curve having straight bottom flats extending from ends of said inner curve to 
join said side edges, and a width being defined between said side edges, said 
width being approximately 205.4 mm with the term approximately as used in 
this claim being taken as ±5 mm. 

3. A shoe and lining assembly for use in a disc brake associated 
with a wheel having an outer diameter of approximately 22.5" comprising: 
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a backing plate body carrying a friction material, said backing plate 
body having a radially inner curve and a radially outer curve, said inner and 
outer curves centered on a common center, a radius from said center to said 
inner curve being approximately 116 mm, and a radius from said center to 
said outer curve being approximately 219 mm, said backing plate having side 
edges generally connecting said inner and outer curves, with said inner curve 
having straight bottom flats extending from ends of said inner curve to join 
said side edges, and a width being defined between said side edges, said width 
being approximately 248.9 mm, with the term approximately as used in this 
claim being taken as ±5 mm. 



BNSDOCID: <WO_985S77e*1 _U> 



WO 98/55778 PCT/US98/10642 

?/5 




IFig-1 



BNSDOCJD: <WO_jB86677aA1J_> 




BNSDOCID: <WO 885S77aM J_> 





BNSDOCID: <WO_886577aA 1 _)_?• 



■WO 98/55778 



PCT/US98/10642 



4/5 




Fig- 4 A / 




28 



IFig-4E 



i i 



45 



W\g-4D 



BMSDOCID: <WO_8855778A1J^ 




n Fig-5D 



BNSDOCID: <WO_B8S677SA1JL> 



INTERNATIONAL SEARCH REPORT 



Inter. 

PC 



m 



Application No 

98/10642 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 F16D65/092 



According to International Patent Classification (I PC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 F16D 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 3 Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 236 068 A (NAGAI ET AL.) 17 August 
1993 

see column 3, 1 i ne 44 - 1 i ne 50 ; figures 
3,5 

GB 1 065 267 A (BERGISCHE STAHLINDUSTRIE ) 
12 March 1963 
see figure 1 

US 4 823 920 A (EVANS) 25 April 1989 
see figures 



1-3 



1-3 



1-3 



□ 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents ; 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

riling date 

"L" document which may throw doubts on priority c!aim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the International filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&" document member of the same patent family 



Date of the actual completion ol the international search 



11 September 1998 



Date of mailing of the international search report 



18/09/1998 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3018 



Authorized officer 



Becker, R 



Form PCT/ISA/210 (second sheet) {July 1 992) 



BN8DOCID: <WO_886577QA1 J_> 



INTERNATIONAL SEARCH REPORT 



latton on patent family members 



Patent documQnt 
cited in search report 



Publication 
date 



inal Application No 

/US 98/10642 



Patent family 
member(s) 



Publication 
date 



US 


5236068 


A 


17- 


-08-1993 


US 


5289903 


A 


01-03-1994 


GB 


1065267 


A 






BE 


639529 


A 














CH 


417360 


A 














FR 


1387368 


A 


19-05-1965 












NL 


302064 


A 




US 


4823920 


A 


25- 


-04-1989 


CA 


1310592 


A 


24-11-1992 












DE 


3903251 


A 


23-11-1989 












FR 


2630793 


A 


03-11-1989 












GB 


2218163 


A,B 


08-11-1989 












JP 


2011932 


A 


17-01-1990 












MX 


165636 


B 


25-11-1992 



Form PCT7ISA/210 (paient family annex) (July 1992) 



BN800CID: <WO_8856778A1J_> 



